Background and aims: An important factor in the development of vascular wall lesions is the degradation of the major protein of connective tissue -type IV collagen. Type IV collagen peptides (CIVDP) derived from this degradation are present in the circulation and are a stimulus for production of anti-collagen type IV antibodies (ACIVAbs) IgM, IgG and IgA. The aim of this study was to find a possible association between ACIVAbs, lipid indices and the development of microvascular complications. Materials and methods: Sera of 93 patients (mean age 61.4±11.3 yrs, diabetes duration 9.88±3.12 yrs; hypertension duration 9.28±4.98) with type 2 diabetes mellitus (T2DM) and arterial hypertension (AH) were investigated. ACIVAbs was determined using ELISA and then compared to serum ACIVAbs in 42 age-and sexmatched controls. Diabetics were divided into two groups according to presence (group 1, n=67) or absence (group 2, n=26) of microangiopathy. Lipid profile and lipid indices (log TG/HDL, LDL/HDL, TC/HDL and TG/HDL) were examined too. 
INTRODUCTION
Total cholesterol (TC)/high-density lipoprotein cholesterol (HDL) and low-density lipoprotein cholesterol (LDL)/HDL ratios are used to predict ischemic heart disease risk. Atherogenic indices (AI) were estimated like log TC/HDL. 1 Non-HDL cholesterol (total cholesterol minus HDL-cholesterol) includes all known and potential atherogenic lipid particles that predict further cardiovascular disease. [2] [3] [4] Total cholesterol/HDL ratio has been reported to be associated with metabolic derangement predictive of cardiovascular risks and related to insulin resistance syndrome. [5] [6] [7] [8] Triglyceride/HDL ratio has been reported as a marker of insulin resistance and small LDL. 9, 10 Arterial hypertension is associated with decreased degradation of connective tissue proteins, while in type 2 diabetes the degradation of these proteins is elevated. Because it is very important to find characteristics of pathological activation of type IV collagen turnover we studied hypertensive diabetic patients with manifested vascular complications. Thickening of the basement membrane in capillaries and small vessels in diabetes is a well-known find-Folia Medica I 2019 I Vol. 61 I No. 2 ing that is important in the progression of diabetic microangiopathy. Type IV collagen (CIV) is uniquely present in basement membranes and represents their predominant structural element. [11] [12] [13] Metabolic alteration of CIV occurs in micro-or macrovascular basement membrane of diabetic patients.
Type IV collagen is the major component of basement membranes. 14 Measurement of serum antibodies to fragments of CIV 15, 16 is now possible thus making it possible for changes to be detected. Narita et al. 17 measured serum anti-type IV collagen antibody (IgG) in diabetic patients and found that the serum levels of this antibody were significantly higher in diabetics than these in nondiabetics. However, there was no relationship between the levels of urinary albumin and the serum levels of anti-type IV collagen antibody.
A relationship between lipid indices, immunological aspects of type IV collagen turnover in diabetics with arterial hypertension have not been studied until this moment. The aim of this study was to identify the possible association between lipid indices, ACIVAbs and development of microvascular complications in patients with type 2 diabetes and arterial hypertension. We present the results of the determination of anti-collagen type IV antibodies of different immunoglobulin classes (IgG, IgM and IgA) and lipid indices in patients with type 2 diabetes and arterial hypertension.
MATERIALS AND METHODS
The sera of 42 clinically healthy individuals (mean age 58.9±7.56 yrs) were used as controls. The selected controls were individuals with no family history of arterial hypertension, diabetes mellitus and atherosclerosis, who did not suffer from any inflammatory processes, collagenoses, and emphysema and had no history of hepatitis. Their routine clinical examinations, lipid profile and serum proteins showed no changes, and the ECGs were normal.
Apart from the clinically healthy individuals, 93 patients with type 2 diabetes and arterial hypertension were also examined. Their mean age was 61.4±11.3 years; the duration of diabetes was 9.88±3.12 years, and of arterial hypertension -9.28±4.98 years. They were all from the region of the Medical University in Pleven. The diabetic patients were divided into two groups according to the presence or absence of microangiopathy ( II. Other tests 1. Ophthalmoscopy through dilated pupils was carried out in all diabetic patients by the same ophthalmologist. 2. Glycated haemoglobin was measured using HPLC method (normal range 4-5.6%) ( Table 5 ). 3. Serum total cholesterol and triglyceride concentrations were measured using enzyme assay (Boehringer Mannheim, Mannheim, Germany). 4. Arterial blood pressure was measured using a standard mercury sphygmomanometer, to the nearest 2 mm Hg, in the dominant arm after at least 10 min rest in the supine position. 5. AER was determined by nephelometry using a commercial kit containing specific antibody (Behringwerke AG, Marburg, Germany).
Statistical analysis
The research data were analysed using EXCEL (Microsoft Corporation, Redmond, WA) and STAT-GRAPHICS plus (Manugistics, Rockville, MD) for WINDOWS. All results were presented in grids and illustrations (mean±SD, share indicators and correlations). For assessment and conclusions in the case of normal distribution the Student t-test, Fisher's F-test (ANOVA) and post-hoc tests (LSD, Tukey HSD, Scheffe, Bonferroni, Newman-Keuls, and Duncan) were used, and for distribution, different from the normal -the K-W (Kruskal-Wallis)-test. The level of significance was determined as p<0.05.
RESULTS
Male patients with T2DM and AH showed statistically significant higher ratio of TG/HDL than female patients 3.3 (2.5÷5.2) vs 2.0 (1.5÷2.7) (KW=10.78; p<0.001).
Male patients with T2DM and AH showed statistically significant higher ratio of TC/HDL than female patients 7.2 (5.3÷9.0) vs 5.2 (3.9÷6.2) (KW=8.07; p=0.004).
Male patients with T2DM and AH showed statistically significant higher ratio of LDL/HDL than female patients 4.1 (3.1÷5.8) vs 2.9 (2.0÷4.5) (KW=5.85; p=0.01).
Log TG/HDL values in men were higher than these in women but these differences did not reach statistical significance (Table 3) (Fig. 2) .
Patients with T2DM and AH were found to have statistically significant higher levels of serum ACIVAbs IgG than healthy controls 0.298 (0.237÷0.381) vs 0.210 (0.149÷0.262) (КW=14.01; p<0.0001). Group 1 had statistically significant higher levels of ACIVAbs IgG than patients without microangiopathy 0.323 (0.243÷0.391) vs. 0.241 (0.207÷0.291) (KW=7.66; p=0.006) and healthy controls 0.210 (0.149÷0.262) (КW=17.52; p<0.0001) (Table 4) (Fig. 1) . ACIVAbs IgG showed correlation with rigidity of arterial wall, and abnormal increase in the collagen/elastin ratio. As a result, soluble type IV collagen derived peptides (CIVDP) are released in the circulated blood acting there as pathological stimulus for an increased production of anti-collagen type IV (ACIVAbs) antibodies. Collagens are known to be immunogenic in animals, and antibodies to various collagens are present in human serum in several diseases, particularly those of autoimmune origin. 18, 19 The detection of serum CIV in animals or humans with arterial hypertension 20 shows that CIV macromolecule is not fully degraded by collagenases in vivo. These CIV fragments may become an increased stimulus for immunocompetent cells for pathological production of anti-CIV antibodies. Changes in the levels and pattern of antibodies to CIV may occur with time. 21 The atherogenic index of plasma (AIP) (log TG/HDL) is calculated in an attempt to predict cardiovascular risk. AIP is based on the ratio of the values of triglycerides to high-density lipoprotein (HDL) levels. When placed into the scope of AIP, triglycerides and HDL refers to the relationship of atherogenic lipids to protective lipids. The AIP has demonstrated cardiovascular risk in clinical trials. Values less than 0.11 are classified as low cardiovascular risk, between 0.11 to 0.21 there is an intermediate cardiovascular risk, and if greater than 0.21 there is increased risk. The total cholesterol TC/HDL ratio is more indicative of cardiovascular disease than TC (total cholesterol). The amount of HDL and LDL in the blood are added together, this number for all practical purposes, indicates the amount of total cholesterol. For men an acceptable ratio of TC/HDL is 4.5 or below, and women is 4.0 or below.
HDL levels have an inverse relationship with coronary heart disease. The ability of HDL to predict the development of coronary atherosclerosis has been estimated to be four times greater than LDL and eight times greater than TC. The triglyceride/ HDL ratio: 2 or less is considered ideal, 4 -high, 6 -much too high. The ratio of triglycerides to HDL was the strongest predictor of a heart attack, even more accurate than the LDL/HDL ratio. 22 In diabetic patients morbidity and mortality are mainly related to the presence of late complications, namely macro-and microangiopathy. Diabetes mellitus (both type 1 and type 2) is a major risk factor for cardiovascular disease. In the Framingham Study, the risk of cardiovascular disease was doubled by the presence of diabetes. 23 In a recent study, patients with microvascular complications showed statistically significant higher levels of ACIVAbs IgG than patients without microangiopathy and healthy controls. ACIVAbs IgG showed correlation with duration of diabetes, BMI, systolic blood pressure, total cholesterol and triglycerides. Serum levels of ACIVAbs IgM and IgA in patients with T2DM and AH were lower than these in controls, but this differences were not statistically significant. A possible explanation of this result is the fact that IgM is the first immunoglobulin synthesized during the early phase of a pathologically activated immune response. The immune system then switches on to production of IgG. The elevation of ACIVAbs of IgG types is therefore the first indicator of the pathological turnover of elastin and the development of vascular complications in diabetics. In our study, it was not possible to detect the 'active' phase of vascular disease, because of patients' diabetes duration of 9.88±3.12 years. During this 'active' phase the levels of IgM and IgA were probably elevated, while during the chronic phase levels of both types of ACIVAbs were decreased and only the level of IgG ACIVAbs was increased.
In our study we found correlation of anti-CIV IgG with retinopathy. These findings are supported by the results of Balashova et al. 24 among patients with preclinical, nonproliferative, preproliferative, and proliferative diabetic retinopathy. The authors found that diabetic retinopathy is characterized by a notable increase in antibody-dependent immune response, associated with appearance of antibodies to collagen of the II and IV types in the lachrymal fluid and serum, with the 'local' reactions predominating. The level of reactions of cellular autoimmune response (tumor necrosis factor-alpha) and cell-to-cell reactions in the lachrymal fluid and serum was low. According to the authors increased level of circulating immune complexes in the serum and almost complete absence of free antibodies to collagen in the blood may be indicative of formation of pathogenic immune complexes precipitating on vascular walls and in other tissues.
We found that the values of ACIVAbs IgG in patients with vascular complications were significantly higher than those in patients without vascular damage and healthy controls. This means that group 1 diabetics show pathologically high immune response to type IV collagen. Although the data from group 2 reveals levels of ACIVAbs IgG higher than those of the controls, these levels still remain lower than the measured in patients with vascular complications from group 1. It is extremely important to monitor if the group of patients with high levels of ACIVAbs IgG will develop vascular lesions before the patients without such elevated levels of ACIVAbs IgG. We suggest that an association exist between the activity of collagen turnover, high lipid indices and vascular complications.
There was a correlation established between ACIVAbs IgG and log TG/HDL (r=0.21); (p=0.01), LDL/HDL (r=0.19); (p=0.02) TC/HDL (r=0.16); (p=0.05) and with TG/HDL (r=0.15); (p=0.05). A possible explanation of this result is the evidence that the ECM fibers may be involved in the process of lipid precipitation in arteries. Our results support these findings.
Our data indicate that traditional serum lipid measures such as total cholesterol, LDL, triglycerides and HDL levels are less prognostic for development of vascular injuries than high lipid indices, especially TC/HDL and TG/HDL ratio for identification of subjects who are more susceptible for microvascular complications. Moreover, ACIVAbs IgG (which are biological markers for impaired connective tissue function showed correlation with high lipid indices AIP (log TG/HDL) TC/HDL, LDL/HDL, TG/ HDL), but did not show a correlation with serum triglycerides and total cholesterol levels. That is why we suppose that lipid indices are more strongly associated with development of ECM dysfunction in patients with T2DM and AH and development of vascular lesions than widespread use of routine lipid markers.
It is known that elevated levels of serum triglycerides which contain multiple types of potential atherogenic lipoproteins enrich the picture of diabetic dyslipidemia. It is the most common deviation in poorly controlled diabetes. In patients with microvascular complications attachment of triglycerides to the arterial wall can lead to the conversion of type IV collagen to an immunogenic form. [25] [26] [27] In the present study, the triglycerides were elevated over the normal range in patients with vascular complications which supports the idea about this feature.
Identification of biomarkers would allow more aggressiveness in the achievement of tight glycaemic control and search for initial lesions in those patients who are predisposed to complications than in those who are not. The understanding of the relation between high lipid indices, the altered pattern of expression of various types of antibodies against components of ECM and the dysregulated vascular remodeling at the level of the target tissue would allow design of therapeutic approach targeted to the individual tissue and to the relevant biochemical, functional and structural alterations. Our study shows, that determination of biological markers of collagen type IV turnover and lipid indices can be useful in monitoring development of vascular injury.
CONCLUSIONS
The results suggest an association between the level of anti-collagen type IV IgG antibodies, high lipid indices and the development of vascular wall lesions. Elevation of ACIVAbs IgG may indicate increased collagen turnover and development of microvascular complications. However, further study is necessary for clarification of these possibilities. 
